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METHOD, FOR TRANSFORMING PLANTS 
• VIA THE SHOOT APEX' 

5 

This is a continuation-in-part of patent application 
serial no. 201,568 filed June 1, 1988. 

The present invention relates to a method for trans- 
forming plants with a high level of rapid regeneration and 
10 low risk of tissue culture-induced genetic variation. 

Specifically the method employs isolated shoot apices from 
seedling tissue, or axillary buds of intact plants as the 
target tissue for transformation and for subsequent use in 
the regeneration of plants, 

15 

The lack of routine, repeatable regeneration from 
plant ceil culture systems for agriculturally important 
crops is a major obstacle in the application of genetic 
engineering technology to plants. Additionally, as 

20 reported by Larkin and - Scowcrof t , Theor . Appl . Genet, 50 f 
197 (1981), the potential for somaclonal variation exists 
when plants are regenerated adventitiously in vitro. 
Somaclonal variants can result following A. tumef aciens ' 
mediated gene transfer. Somaclonal variation is the 

25 genetic variability observed in plants derived from a 

callus intermediate. This phenomenon is undesirable where 
it is essential to maintain the original genetic integrity 
of transformed planes, ; . 



WO 89/12102 



PCT/US89/02258 



-2- 



Aarobacterium t umef aciens has been the preferred 
vector for leaf disk, epidermal peel or other expiants in 
a cocuitivat ion system for gene transfer. A. tumefaciens 
mediated gene transfer has been developed using members of 
5 the Solanaceae family because of the ease of manipulation 
of this family in culture and infectivity of Aarobacterium 
species for this family. .Although many other 
dicotyledonous species are known to be suitable hosts .for 
Aarobacterium , plants from only a handful of these species 
10 have successfully been transformed principally due to the 
lack of regeneration systems. 

Development of the leaf- disk transformation system by 
Eorsch et ai., Ann. Rev* Plant Physiol. 38, 467 (1987), 

15 allowed almost routine transfer of foreign genetic 

material, but only into a limited number of plant species. 
This model system was. demonstrated using members of the 
Solanaceae family: petunia, tobacco and tomato species 
which are comparatively easy to regenerate from leaf 

20 explant material. The leaf disk technique overcame many 
of the problems inherent in the protoplast transformation 
systems, particularly the extended culture period required 
and the limited regeneration "of plants from protoplasts. 

25 The leaf disk system, however, is severely limited. 

The most serious limitation is that few plant species can 
be regenerated from leaf tissues. Even for some culti- 
vated petunia varieties, regeneration from leaf disks is 
difficult. Another limitation of the leaf disk system is 

30 that adventitious shoot meristems differentiate from 

epidermal and subepidermal leaf tissues. Derivatives of 
the leaf disk method have been developed to include the 
use of seedling tissues in conjunction with induction of 
somatic embryogenesis , as well as callus followed by shoot 

35 induction. In each of these cases, however, the Docentiai 
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for somaclonal variation exists because the embryos, as 
well as the shoot meristem, must develop advent:- iously . 

Another system of plant transformation has been 
5 developed by Trinh et al., 5 Biotechnology, 1081 (1987). 
The system involves the use of the tobacco epidermal peel 
system and cocul t i vat ion with Aorobacterium . The benefit 
of this system was the direct production of flowers and 
seeds in eight weeks. Again, important concerns with' this 
10 system are the limited adaptation of this technique to 
crop species and the potential for somaclonal variation r 
since the plants arise via adventitious organogenesis. 

The present invention addresses the obstacles pre- 
15 sented by previous techniques by using shoot apex tissue 
as the tissue subjected to gene transfer. Use of such a 
tissue permits rapid propagation of plants while perpet- 
uating the unique clonal and genetic characteristics of 
the plant being transformed. Shoot meristem tissue, 
20 including shoot tip culture and axillary bud proliferation 
are preferred in the practice of the invention. The shoot 
apex is the most preferred explant for plant 
transformation as most herbaceous dicotyledon and 
monocotyledon plants can be" regenerated into intact plants 
25 using, this, explant source. Shoot cultures also develop 
directly and rapidly into rooted plants. In addition to 
the shoot apex f other non-adventitious tissues such as the 
axillary bud can be used in the practice of this 
invention . 

30 

In applying the method of - the invention to shoot 
apices, shoot apices excised from selected plants are 
cultured in an appropriate medium. After the apices have 
been excised or cultured for several days, the apices are 
35 exposed to a suitable vector such as Aorobacter ium turner a - 
ciens . The innoculated apices are then cultured for 
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several more days. Following cultivation f the apices are 
then transferred to a selection medium to differentiate 
transformed from nont r ansf ormed plant tissues. Trans- 
formed tissues are then selected and recultured in a 
5 rooting medium* Rooted plants can then be grown under 
normal conditions. 

This method permits rapid regeneration of transformed 
plants. Experiments with petunia for example have yielded 
10 results within six weeks. Plants produced by the above 
method have been seifed and the resulting seeds aseptic- 
ally germinated. Ninety percent of the seedlings produced 
were found to possess the new inserted gene f verifying 
sexual transmission of the new genetic information. 

15 

Bacteria from the genus Aar obacter ium are preferred 
in the practice of this invention f however, other vectors 
capable of genetic transformation in plants can be used .to 
include other bacteria, plasmids, viruses, and DNA 
20 fragments. 



Figure 1 shows the results of -a fluorometic G.US assay 
of transformed plants indicating the course of GUS acti- 
vity over 5 hours. The amount .of methyl umbellif er one 
25' produced was quantified with a Kontron spect rof luor ime ter . 
This shows the successful transformation of petunia using 
the method of this invention. 



The discussion and examples which follow detail the. 

30 best known method for performing the invention. It will 
be recognized that variations of this method may include 
different culture media or different vectors dependent 
upon the target plant species and the traits to be trans- 
ferred into the target plants. Petunias,, soybeans, 

55 alfalfa, sunflowers, cotton, wheat and corn were chosen as 
the target plants in the following examples, however, the 
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method outlined below is adaptable to other plants capable 
of regeneration from shoot apices or axillary buds without 
significant experimentation or deviation from the spirit 
and scope of this invention. 

The following examples merely illustrate the nature 
of the invention. It will be apparent to those skilled in 
the art that this method can be used for any dicotyle- 
donous plant which can be regenerated from the shoot apex 
and which can be transformed by Aor obact er ium . The method 
may also be modified to transform monocoty ledonous species' 
without departing from the scope and spirit of the 
invention. 

While selection using kanamycin resistance is 
preferred, insertion of gene sequences coding for resist- 
ances to other antibiotics such as G418, neomycin, hygro- 
mycin or chior amphenical or to herbicides such as 
glyphosate can be used as well as other selectable genes 
known to those skilled in the art. Additionally, certain 
additives may be used to enhance successful infect ion ' of . 
the shoot species. These include acetosyr ingone and 
certain opines such as, but not limited to octapine, 
nopaline and leucinopine. 

Example I 

Germination of Explant Source 

Seeds of the commercial petunia variety 'Rose Flash', 
an hybrid of Single Grandiflora and Deep Rose, were 
obtained from the Bail Seed Co., West Chicago, IL. The 
seeds were surface sterilised in 20% ( v/v ) commercial 
bleach to which a wetting agent such as Tween 20 or 
dishwashing detergent had been added, for thirty minutes. 
The seeds were then rinsed five times with sterile water. 
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The sterilized seeds were then aseptically germinated 
on Murashige and Skoog salts with 30% sucrose (w/v). The 
Murashige and Skoog salts were prepared as follows: Stock 
solutions of the fo'llowing salts were prepared (in g/1 of 
5 stock) : 

(1) Nitrates: ammonium nitrate ( NH^NO^ ) r 165; 
potassium nitrate (KN0 3 ) r 190; 

(2) Sulfates: magnesium sulfate (MgS0 4 7H 2 0), 37 
manganous sulfate (MnS0 4 H^O) f 1.690; zinc 

10 sulfate (ZnS0 4 7H 2 0) , 0.860; cupric sulfate 

(CuS0 4 5H 2 0), 0.0025; 

(3) Halides: caicium chloride (CaCl 7 2H 2 0) , 44; 
potassium iodide (KI), 0.083; cobalt chloride 
(CoCl 2 6H 2 0) f 0.0025; 

15 (4) P0 4f BO^r Wo0 4 : potassium phosphate (KH 2 P0 4 ), 

17; boric acid (H^BO^r 0.620; sodium molybdate 
(Na 2 Mo0 4 2H 2 0) , 0.025; 
(5) Na2FeEDTA: ferrous sulfate '( FeS0 4 7H 2 0) , 2.784; 
ethylene-diaminetetraacetic acid, disodium salt 

20 (Na 2 EDTA), 3.72 4. 

Ten ml of each of the five above stocks were added to 
one liter of medium prepared... 

25 Excision and Innoculation of Shoot Apices- 

After one week: of germination shoot apices were 
excised from the plants germinated from the above pro- 
cedure. The apices were 0.3 x 0.6 mm in size and consis- 

30 ted of the apical dome and two primordial leaves. The 

excised shoot apices were then cultured on the Murashige 
and Skoog salts described above with the following added 
components , 0.1 mg/1 N6-benzyladenine , 30 , 000 mg/1 sucrose 
and 2,000 mg/1 gel-rite obtained from KC Biological, 

3 5 Kansas City r MO. 



WO 89/12102 



PCT7US89/02258 



After two days of cuituring, isolated shoot apices 
were innoculated with a 5 pi drop of Aorobscter ium tuiP.e - 
f aciens suspension described below. The plates were left 
open in a transfer hood until the drop had dried. 'The 
5 culture plate with the shoot apices was then sealed and 
incubated for two days at 25° C, with a light to dark 
period of 15:8 hours. 

Preparation of A. Tumef aciens for Innoculation 

10 

The Aorobacter ium suspension used to innoculate the 
shoot apices was prepared as fallows: a binary vector 
PRGUS2 was created by Dr. Terry Thomas of Texas A&M 
University by cloning a BamHI - SstI restriction fragment 

15 containing the beta-glucuronidase (GUS) coding region, 

isolated from pGUSl into the polylinker site of pROK2 , an 
expression vector derived from pROKl(20) by the insertion 
of a polylinker. "This placed the GUS gene between the 
CaMV 35S promoter and the nopal ine synthase polyad- 

20 enilation signal in the T-DNA. The pRGUS plasmid was 

conjugated from E . coli strain HB101 into the avirulent A. 
tumef aciens strain LBA 4404 as described in Simpson et ai, 
Plant Mol. Biol. 6 : 403-415 : ^ The result was a strain of A. 
tumef aciens which contained the genes for kanamycin 

25 resistance and' for beta-glucuronidase. This permitted 

easy differentiation and detection of transformed tissues. 

The A. tumef aciens LBA 4 4 04 { pRGUS 2) was grown in a 
medium prepared as follows: A 100 ml Salt solution was 

30 prepared comprising 3.9 g dibasic potassium phosphate 

,3H 2 0; 1 g sodium monobasic phosphate, 1 g NH^CL^ and .15 
g potassium chloride. The salt solution was then auto- 
claved at 121° C , and 18 psi for 15 minutes. A separate 
900 ml media solution was prepared containing .59/1 

25 sucrose; 13 mg calcium chloride, 0.5 g/i magnesium sul- 
fate, 10 ui ferric sulfate stock (250 mg/mi FeS04'7K2O) 
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Where the bacterium was cultured in stock cultures, 15g of 
agar was added to the media solution, for suspension or 
liquid cultures, agar was omitted. The media solution was 
then autociaved for 25 minutes and cooled. The salt and 
5 media solutions were then combined and 50 mg of kanamycin 
was added to the medium. A. tumef aciens LBA 4404 (pRGUS 
2) was grown on 2 zl! of medium for 2 days. The medium and 
cultured A. tumef aciens was then used to innoculate the 
shoot apices in the manner described above. 

10 

Selection and Cloning of Transformed Ad ices 

Following innoculation and incubation, the shoot 
apices were transferred to fresh medium comprising the 

15 Murashige and Skoog salts described above with 0.1 mg/1 
NS-benzyiadenine, 30 r 000 mg/1 sucrose and 2,000 mg/1 gel- 
rite and cultured for two additional days. The apices 
were then subcultured onto a medium comprising Murashige 
and Skoog salts as described above; 0.1 mg/1 N6-benzy- 

20 ladenine, 30,000 mg/1 sucrose, 2,000 mg/1 gel-rite, 200 
mg/1 kanamycin and 500 mg/1 car benicillin , the latter 
obtained from Sigma r St. Louis, MO). 

After three weeks of incubation, all explants had 
25 grown. Untransf ormed tissues exhibited bleaching in the 
presence of 200 mg/1 kanamycin medium. Transformed shoots 
appeared as green regions at the base of bleached leaves. 
The bleached leaves were then removed and the green tissue 
recultured onto medium containing 100 mg/1 kanamycin. 
30 Single green shoots developed from the explants after 1 
week and were transferred to rooting medium containing 
Murashige and Skoog salts, 3% sucrose, 100 mg/1 kanamycin 
and 500 mg/1 carbenicillin . All the explants exhibited 
root production . 

35' 
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The rooted plants were then assayed for the presence 
of the GUS gene as follows. Approximately 50 mg of plant 
tissue was homogenized in an Eppendorf tube with a pestle 
in 200 ul of 50 raM NaPO a , pK 7.0, 10 mM EDTA, 0.1% Triton 
5 X-100, (Sigma Chemical) 0.1% Sarkosyl, (Sigma Chemical) 10 
mM be ta-rner captoe thanol . One hundred yl of the extract 
were added to 1.00 pi of 2mM 4-rnethyl umbelliferil glucuro- 
nide dissolved in the same buffer. The reaction was 
incubated at 37° C for 5 hours and stopped with 1 ml of 
10 0.2 M Na^CO^. The production of methyl • umbellif erone was 
quantified with a Kontron spectro fluorimeter at hourly 
intervals.. The result of the assay can be seen in Figure 
1. 

15 Example 2 - Comparison of Shoot Apex and Leaf Disk 

Culture Systems. 
A comparison was made between the leaf disk culture 
method and the shoot apex* method of the present invention. 

20 One hundred thirteen shoot apices from Petunia 

hvbr ida cv 'Rose Flash' were co-cultivated with A. turner a - 
ciens and cultured on selective medium as described above. 
Shoots with green bases were isolated (Table 1) and 
transferred to medium containing 100 mg' kanamycin /I for 1 

25 week and " subsequently transferred to rooting medium as 
described above. 

Leaf disks were also taken from Petunia hvbrida cv 
'Rose Flash' and transformed according to the procedure 
30 described by Horsch et al. Science 227 , 1229 (1985). The 
selective media was composed of MS medium containing 1.0 
mg/1 N6-benzyladenine , 0.1 naphthalene acetic acid, 100 
mg/1, 200 mg/i or 300 mg/i kanamycin and 500 mg/i ca r be- 
niciiiin. Table 1 reflects the results achieved. 
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TABLE 1 



10 



15 



Kanamycin Concentration :mg/l JJLQ 



Callus Production 
Shoot Production 
Shoots Rooting 
Plants GUS Positive 



13/28 (46%) 

13/28 (46%) 

2/13 (15%) 

2/2 (100%) 



Number of original explants, 



Hill 



25/25 (100%) 3/113 (3%) 
0/25 (0%) 7/113 (6%) 

5/7 (71%) 
- ■ 5/5 (100%) 
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Callus production from leaf disk expiants was high 
on 100 and 300 mg kanamycin /I (46% and 100%) and very 
limited from shoot apex expiants (3%). Shoot pro- 
duction from shoot apex expiants cultured on kanamycin 
5 was low (6%) as compared with that of leaf disk (46%). 
However, the shoots that formed from shoot apex 
expiants were more likely to be transformed (71%) than 
those formed using the leaf disk -expiant (15%). 

10 As can be seen from this data , the key difference 

between the two techniques is the almost universal 
regeneration of plants from the shoot' apex. Similar 
results can be achieved with lateral bud expiants. 

15 To determine if chimeric plants were produced 

using the shoot apex expiant method, GUS assays of the 
type described above were conducted on the leaves, 
petals, ovaries, and ovule tissues from various regions 
of GUS positive plants. All tissues assayed showed GUS 

20 gene expression. 

Example 3 - Stability of Incorporation 

.The important issue -in plant transformation is 
25 stable incorporation of the trait in the germ line and 
expression in the progeny. If this occurs, the 
question of the chimeric nature of the primary trans- 
formants is less of a concern. 

30 To determine if the trait had been successfully 

passed to' the next generation in Example 2, flowers of 
GUS positive plants were self ed . Three hundred and 
seven seeds from twenty flowers of four different GUS 
positive plants were germinated as described above and 

35 seedlings were assayed for GUS activity. As shown in 
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Table 2, approximately 90% of the seedlings were GUS 
positive . 
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TABLj 



Numbe : 
of 



DxDr e ss ion 



Conf icence 



10 



plant 








c-us- 


fGUS-f /totals^ 


















1 




15 


14 


i 


93.3 


( 73-100 ) 




2 


15 


14 


I 


93.3 


(73-100) 




3 


15 


14 


l 


93.3 


(73-100) 




4 


15 


13 


2 


86.7 


(60-98 ) 




5 


- IS 


11 




100,0. 


(78-100 } 




Total 


75 


70 


5 


x =93.3 





20 



25 



30 



35 



I 


15 


14 


1 


2 


15 


13 


2 


3 


23 


20 


- 3 


4 ' 


16 


1 4 


2 


5 


11 


I 2 




Tocal 


S2 


73 


9 



93. 3 
87.0 
87 .0 
87 . 5 
92 ,0 
= 89 



1 


15 


13 


2 


86 . 7 


(58-98 ) 


2 


15 


15 


0 


100.0 


(78-100) 


3 


15 


14 


1 


93.3 


(73-100 ) 


4 


15 


14 


1 


93. 3 


(73-100) 


5 


11 


11 


z 


86.7. 


( 60-98 ) 


Total 


75 


69 


6 


x =92 




1 


15 


10 


5 


66.6 


(37-88 ) 


2 


15 


12 


3 


80 


( 52-97 ) 


3 


15 


11 


4 


73 


( 43-93 ) 


4 


15 


12 


3 


SO 


(52-97) 


5 


11 


12. 


1 




(52-97) 


Total 


75 


57 


1 B 


x =76 





73-100 

60- 100) 
65-100 ) 

61- 100) 
58-100 ) 



x - average value. 

40 
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Ref erring to Table 3, calculated Chi square values 
for the expression of the GUS gene in the progeny on one 
plant indicated a 3:1 segregation pattern of a monohybrid 
which indicates insertion on a single chromosome. Chi 
5 square values for 3 of the plants indicated a 15:1 segre- 
gation pattern of duplicate dominant dihybrid segregation 
which indicates insertion of copies on two independent 
chromosomes . 
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TABLB 3 

Segregation Ratio 



2a 

x 



(3:1) 



(15:1) 

2 



D 



Plant 1 13 ' 44 <0-001 0.03 >0.80 

15 Plant 2 9 - 84 <°-°i 3.12 >0.05 

Plant 3 11 - 55 <°-001 0..39 . >0.5 

40.32 <0 . 01 



Plan t 4 0.04 Vo.8 
2 0 ~ ■ " : 



Data calculated with df =1 ; at the 95% confidence level. 
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Example 4 

Two additional petunia cultivars, V23xR51 from T. 
Gerats and 'White Flash' ( Fl hybrid: Grandiflora x Pure 
5 White Ball Seed, Co., Chicago, Illinois) were transformed 
using the shoot apex method described above. As shown in 
Table 4, the transformation of these strains achieved 
results similar to those found in Table 1. This indicates 
that the procedure can be used for other plant varieties 
10 with similar success. 

The transformed Petunia hvbr ida strain V23XR51 were 
selfed and the seeds collected and cultivated. As shown 
in Table 5 r 70% to 90% of the progeny exhibit GUS activity 
15 indicated that the gene was successfully transmitted to 
the next generation. 
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TABLE 4 



Comparison of transformation of Petunia hybcida cv. ' V23XR51 1 and 
'White Flash' using the leaf disk and shoot apex system as in Example 
S 1. 



10 



25 







Leaf Disk 






[Kanamycin] mg/1 1 00 




300 






V23XR51 


No. of Explants 


26 




34 


18 


Callus Produced 


a 

X 




1 4 


0 


Shoots Produced 






1 4 


8 


Shoots Rooting 






q 


8 


Plants GUS Positive 






5 ■ 


2 


White Flash 










No. o£ Explants 


30 




33 


102 


Callus Produced 


30 




12 


0 


Shoots Produced 


0 




11 


10 


Shoots Hooting 






11 


4 


Plants GUS Positive 






11 


4 



a = Number of shoots was very large and not counted, 
x 
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TABLE 5 



Segregation for the GUS gene in the progeny of self 
pollinated GUS + plants of cv. ' V23xR51' as in Example 2 



10 



Plant 



Number of 
Seeds 



GUS(+) GDS(-) Expression 



15 



1 
2 



40 
40 



28 
36 



12 

A 



70.0 
90 . 0 
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This data, coupled with the data shown in Example 3 
highlights one of the key features of the method of the 
invention - the transformation of the germ ceils as well 
as the somatic cells of the target plant which permits 
5 inheritance of the new trait by future generations. 

Techniques used by others produce sterile plants, failure 
to transform the germ cells or the transformation of the 
germ cells occur at a much lower percentage resulting in 
fewer progeny expressing the desired trait. 

10 

Chi Squared values. for the .expression of the GUS gen 
in the progeny of the transformed ' V23xR5i l plants indi- 
cated a 3:1 segregation of a monohybrid which indicates 
insertion on a single chromosome. Chi squared values for 
15 the other plant indicated a 15:1 segregation pattern of 
duplicate dominant dihybrid segregation which indicates 
insertion of copies of the GUS gene on two independent 
chromosomes . 
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TABLE 6 

Evaluation of the segregation pattern of GUS expression in 
proaeny of transformed plants of cv . 'V23xR51' 

5 " " 

Segregation Ratio 

(ITT) (15:1) 
Plant 2a p 2 p 
10 x ' - - 

1 0.533 >0.30 38.5 <0.01 

2 4.8 <0.05 0.96 >0.30 

15 

Data calculated with df=l; at the 95% confidence level. 
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Example 5 



Transformation via the shoo 



t aoex has also been 



employed with cotton, specifically Gossvpiuiri hi rsut urn , 



var. Coker 312. Tamcot CAB-CS. and Gossypium barbadense , 
5 var. Pima 5-6, The steps employed were the same as 
described above with the following variations. 

Seeds were disinfected by rinsing them with distilled 
10 water for 10 minutes and then soaked in 20% commercial 

bleach with 1 drop .of Tween 20 for 15 minutes- The seeds 
were then rinsed three times wdth sterile water. 



15 sterile petri plates chaiazai end down. Five seeds were 
placed on each plate. The plates contained a solution 
containing MS halides and solidified with 0.3% agar. The 
plates were incubated unsealed in darkness at 30° C for 
four days. The plates were then subjected to a 16 hour 

20 cay regimen for one day prior to isolation. 

To ensure that the shoot apices were excised from 
plants at similar stages of .development , the most uniform 
populations' of seedlings, were used. Slower - germinating or 
25 contaminated seedlings were discarded. 

Shoot apices were isolated from 5 day old seedlings 
with the aid of a dissecting microscope. In some cases, 
sterile hypodermic needles, 22 and 27 gauge, mounted on a 
30 plastic syringe casing were employed to accomplish the 
dissection . 

The apex was excised by first removing one of the two 
cotyledons at its base. The shoot region was then removed 
35 from the seedling. The base of the shoot region was then 
trimmed to expose the basal face of the apical meristem. 



Following disinfection, 



the seeds were transferred to 
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10- 



A modification of this technique was also used to ■ remove 
the largest leaf and underlying tissue exposing the 
lateral face of the apical mer is tern as well as the basal 



Shoot apices isolated from 3 to 4 day old seedlings 
consisted of the meristematic dome and two primordial 
leaves. Where the seedlings were older (5 to 7 days) the 
anices often contained more than the two leaf primordia. 



The isolated apices were then . cultured on a basal MS 
medium (described below) without hormones, at 28-30°C 
under 16-hour photo period. Light was provided using a 
continuation of Gro-Lux® and cool flourescent lights at 
15 50y E/m sec. The apices were recultured onto fresh 
medium. 

The medium comprised MS basal salt formulation 
described by Murashige & Skoog (op. cit. Murachige & 
20 Skoog, 1962) with the following additions: Sucrose, 
15,000 mg/1; thiamine 6.4 mg/1; TC agar, 8,000 mg/1 . 
Prior to use, the medium was sterilized by standard 
autoclaving methods and dispensed into sterile petri 
plates . 

25 

The apices were innoculated with Aor obacter ium 
tumef aciens within two days of excision. Innoculation was 
accomplished by scraping the bacteria from the culture 
plate and applying this plaque to the cut surfaces of the 
30 shoot apices using either a hypodermic needle or a tooth- 
pick ♦ 

The apices were innoculated with one of two strains 
of A, tumef aciens . The first is strain L3A 4404 M GUS2" 
35 described above. The second is strain EBA1 which harbors 
a similar Ti olasmid as in GUS2. This plasmid was 
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inserted into the EHAI strain and named "GUS^" ' D Y Dr. T. 
McKnight of Texas A&M University. Strain EHAI is believed 
to contain a hyper virulent region which increases the 
host range of A. turaef aciens ■ 

5 

In addition to the use of A, turnef aciens strain EHAI, 
the following additives were used to enhance successful 
infection: ace tosy r ingone , 10-30 pM; and nopaline, 10-100 
UM. (Veluthambi et al. submitted) 

10 

■ After two day's contact with A . turnef aciens , the 
explants were transferred to me&ia containing 500 mg/1 
car beneci 11 in for one week. The explants were then 
transfered to media containing 7.5 mg/1 kanamycin and 500 
15 mg/1 carbeneciliin for another week. Finally r the 

explants were transferred to. media containing carbene- 
ciliin 500 mg/1 weekly. 

When shoots contained four or more leaves the shoot 
20 bases were dipped in sterile rootone and transferred to 
sterile vermiculite in 3 inch clay pots and covered. 

The explants and plantlefes- were assayed for the GUS 
gene as described above and were found to be GUS positive. 

25 

Example 5 

Sunflower, Heleanthus annus r var . Triumph 560, Seeds 
30 were germinated shoots isolated and incubated with A . 

turnef aci ens EHAI r ace tosy r ingone and nopaline (1) using 
the procedures described for cotton with the following 
modifications. The seeds were incubated for 2-3 days 
prior to shoot isolation. The Basal medium described for 
35 cotton, was supplemented with 1 mg/1 IAA { mdoleacetic 
acid ) . 
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Four sunflower plants flowered and produced seed. 
These seeds were germinated and many of the pr oger.y 
seedlings were GUS positive. 



5 Example 6 

Soybean r Glycine max , var. Dowling & Bragg. Steri- 
lized seeds were allowed to germinate for 1 day and then 
the plumule was excised and cultured as described above. 
10 Shoot apices were also obtained from seeds which had been 
allowed to embibe water for 1 hour. 

The culture media used were the same as that used for 
cotton except that the media used for shoot cultivation 
15 was supplemented with 0.1 mg/1 Jcinetin to promote growth 
of the apices and 1*0 mg/1 kinetin was added to promote 
adventitious shoot production. 

Co-cultivation with tumef aciens EHAI , nopaline and 
20 acetosyr ingone was the same as for cotton above. 

Following 2 days of co-cultivation with Aarobac - 
terium r explants were ' transferred to media containing 25 
or 50 mg/1 kanamycin and 500 mg/1 carbenicillin for 1 
25 week- Th£ explants were then transferred to hormone free 
media with 500 mg/1 carbenicillin. 

Spontaneous rooting was observed in many of the 
explants grown on media containing carbenicillin. Those 
30 explants not exhibiting roots were dipped in sterile 

rootone. The plants were then aseptically transferred to 
sterile vermiculite in 3 inch pots and covered* 



35 



A significant number of shoots were found to be GUS 
positive when grown in culture. Of the seedlings which 
survived transfer to soil, all were GUS positive. 
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Example 7 

Alfalfa, Medicaoo sat iva var . Southern Special* Seeds 
were germinated and shoots isolated as described for 
5 cotton. Tissues were co-cultivated with tumef aciens 
EHAI , acetosy r ingone and nopaiine. 

Several GUS positive tissues were produced In vitro 
and 10 plants have been established in pots. Of these, at 
10 least four are positive for GUS". 

Ex amp re 8 

Corn (variety Funks 6-90) and wheat (variety Chinese 
15 spring), were rinsed with distilled water 10 minutes, 

soaked in 20% commercial bleach which included one drop of 
tween 20 for 15 minutes and rinsed three times in sterile 
water. The disinfected seeds were transferred to media 
containing MS haiides and sulfates and solidified with 
20 0.3% agar. The embryo region of the seed was placed in 
contact with agar. Unsealed plates were incubated in 
darkness at 30°C for one day. 

Shoot apices were isolated with the aid of a 
25 dissecting microscope. The leaf and underlying tissue 
were excised exposing the lateral face of the apical 
meristem as well as the basal face. 

Isolated apices were cultured on a basal MS medium 
30 w-ithout hormones. Tissues were recultured onto fresh 
media weekly. Medium consisted of the MS basal salt 
forumuiation (Murashige & Skoog, 1962) and the following 
in mg/i); sucrose 15,000; thiamine 0.4; TC agar, 3,000. 
The media were sterilized by autoclaving under standard 
35 conditions and dispensed into sterile plastic petri 

dishes. Cultures were maintained at 2S-30 C C , for 16 hours 
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using a combination of Gro-lux and cool white fluorescent 
lights , 50u£/m2sec . 

Shoot apex explants were either innoculated the day 
5 of isolation, or one and two days after isolation. 

Aarobacter ium tumef aciens r strain EHA1 containing the 
"GUS3 H construct from Dr. Tom McKnight, was used. This 
strain is supposed to contain a hyper-active virulence 
region which may increase the range of species infected 

1.0 ( and -transformed) by this strain (Tom McKnight r personal 
communication) , The Aarobacter ia were scraped from a 
confluent plate r innoculated 2-3 days previously 
containing appropriate growth media and antibiotic. The 
cut surfaces of the shoot species were innoculated with 

15 Aarobacter ium with a sterile hypodermic needle or sterile 
toothpick . 

In addition to use of the hyper-virulent M GUS3" 
strain of Aarobacter ium tumef aciens r nopaline and 
20 acetosyr ingone were mixed with Aarobacter ium prior to the 
innoculation step to increase virulence and trigger other 
responses associated with successful infection. 

After two days of contact with Aarobacterium , the 
25 explants were transferred to media containing 500 mg/i 
carbeniciilin for one week; then transferred to media 
containing 7.5 mg/1 kanamycin and 500 mg/1 carbeniciilin 
for one week; and finally transferred to new media 
containing 500 mg/1 carbeniciilin at weekly intervals. 

30 

Developing corn and wheat shoots rooted spontaneously 
after two or three weeks. 



35 



As described in EJlian et al . , 1988. Corn and other 
monocots apparently contain an enzyme which will cleave 
the GUS subs trace , producing a weak positive reaction. 



WO 89/12102 



PCT/U589/02258 



This weak GUS positive response in monocots is therefore 
not indicative of successful transformation. A strong GUS 
positive response , such as has been observed with some of 
the corn and wheat tissues may be indicative of 
5 successfuly transformation. 

DNA was extracted according to Rogers and Bendich 
(1985, Plant Molec. Biol. 5:69-76), restricted using 
Eindlll (Boehringer Mannheim Inc.) according to 
10 manufacturer's directions and separated by electrophoresis 
overnight. Transfer of DNA from gel to nylon filter was 
done according to Southern {l?-75, J. Molec. Biol. 98:503) f 
using the alkaline transfer modification of Reed and Mann 

(1985 r Nucleic Acid Res. 13:7 207-7221). DNA was 

3 2 3 5 

15 hybridised to P-labeled GUS probe consisting of the S 

promoter, GUS sequence and polyadenelya t ion coding 

regions , described previously. Southern analysis of the 

corn plants confirmed successful transformation. 
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CLAIMS : 

1. A method for transforming plant tissues comprising 

5 a) culturing excised shoot meristem tissue in a 

suitable growth medium; and 

b) innoculating said shoot meristem tissue with a 

suitable vector capable of transforming said 
10 tissue. 



2. The method of claim 1 wherein said tissue is the 
shoot apex excised from a plant. 

15 

3. The method of claim 2 wherein said shoot apex com- 
prises the apical dome and two or more primordial leaves 
excised from said plant. 

20 

4. The method of ' claim 1 wherein said tissue is an 
axillary bud. 



25 



5. The method of claim 1 wherein said vector is Aoro - 
bacter ium tumef aciens . 



30 6. The method of claim 1 wherein said vector contains 
the genetic code for a selection or reporter traits. 



7. The method of claim 6 wherein said selection trait is 
35 antibiotic resistance. 
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8. The method of claim 5 wherein said Aorobacter i urn 
turner a ci ens is strain LBA 4 4 04 (pRGUS2). 

5 '9. The method of claim 5 wherein said Aorobacter ium 
t urner aciens is strain EHA1 (pRGUS-J. 



10. The method of claim 5 with the added step of adding 
10 acetosyr ingone and an opine during the transformation 

step. 

11. The method of claim 10 wherein the opine is nopaline. 

15 

12. The method of claim 1 further comprising the steps 
of : 

20 a) selecting for the transformed plant tissue; and 

b) cuituring the transformed plant tissue to induce 
root -growth - * 

25 

13. A method for transforming plant tissue comprising: 

a) cuituring excised shoot apical tissue in a 
suitable growth medium; 

30 

b) innoculating said shoot apical tissue with 
Aorobacter lum tumef acl ens to transform said 
tissue ; 
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c) selecting for the transformed plant tissue; and 

d) cuituring the transformed plant tissue to induce 
root growth. 

5 

14. The method of claim 13 with the added step of adding 
acetosyringene and an opine during the transformation 
step. 

0 

15. The method of claim 13 wherein the Aqrobacterium is 
strain LB A 4404(pRGDS2) or strain EEA1 (pRGUS3 ) . 



1 
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